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57) ABSTRACT 

Improved secondary and tertiary recovery processes wherein 
a mobility buffer is used are improved by alternately injecting 
mobility buffer slugs (containing mobility reducing agents) 
and slugs of water followed by a driving agent. For example, 
improved crude oil recoveries with emulsion and micellar 
systems are obtained by alternately injecting aqueous slugs 
containing mobility reducing agents and slugs of water fol 
lowed by drive water to displace the system through the reser 
voir. The mobility buffer slugs can have progressively decreas 
ing concentrations of the mobility reducing agent relative to 
the initial mobility buffer slug. 

12 Claims, 1 Drawing Figure 
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MOBILITY CONTROLINOLRECOVERY PROCESSES 

BACKGROUND OF THE INVENTION 

l, Field of the Invention. 
This invention relates to recovering crude oil form a subter 

ranean reservoir having an injection means in fluid communi 
cation with a production means and wherein a flooding agent 
is injected followed by a mobility reducing agent and this, in 
turn, followed by drive water. 

2. Description of the Prior Art. 
It is known in the prior art that emulsions and micellar solu 

tions and miscible agents such as alcohols, ketones, aldehydes, 
and like materials, optionally dissolved in aqueous or 
hydrocarbon systems, and surfactants (dissolved in aqueous or 
non-aqueous systems) are useful to recover crude oil from a 
subterranean reservoir. Mobility control is important is secon 
dary or tertiary recovery processes using these agents. Mobili 
ty control is obtained by following the primary slug with a slug 
containing a mobility reducing agent, e.g., an aqueous solution 
containing a partially hydrolyzed, high molecular weight 
polyacrylamide, polysaccharide, natural polymer, synthesized 
polymers, etc. Thereafter, the mobility buffer slug is followed 
by a drive material such as hydrocarbon or water to displace 
the system through the reservoir. Crude oil is recovered 
through a production means in fluid communication with the 
reservoir. 
Examples of flooding processes are taught in U.S. Pat. No. 

3,497,006 to Jones et al. and U.S. Pat. No. 3,254,714 to 
Gogarty et al. These patents teach that a micellar dispersion is 
injected into a reservoir, followed by a mobility reducing 
agent and this, in turn, followed by a drive water. The micellar 
dispersion performs like a miscible-type flooding agent to 
recover up to 100 percent of the oil. 

In the use of mobility reducing agents within mobility buffer 
slugs to improve the flooding characteristics and protect 
against fingering, it is generally accepted that the primary dis 
placing slug be followed by a slug of water containing the mo 
bility reducing agent and this, in turn, followed by a drive 
water. The slug containing the mobility reducing agent can 
have graded mobilities therein to give improved flooding 
characteristics. 

SUMMARY OF THE INVENTION 

Applicant has discovered a novel method of improving 
flooding processes in secondary and tertiary recovery 
methods. This improvement is obtained by following the pri 
mary displacing slug with alternate aqueous slugs containing 
first mobility reducing agent and then slugs of water and then 
followed by a drive material such as water. The alternate slugs 
are relatively small, usually less than 25 percent and 
preferably less than 15 percent of the formation pore volume. 
The mobility buffer slugs can have progressively reduced con 
centrations of the mobility reducing agent relative to the ini 
tial mobility buffer slug. 

BRIEF DESCRIPTION OF THE DRAWING 

The FIGURE indicates the amount of tertiary oil recovery 
vs. the total polymer injected total polymer injected is ob 
tained by multiplying the fractional pore volume of polymer 
solution times the polymer solution concentration defined as 
ppm. (parts per million)). A constant fractional pore volume 
of micellar solution is injected for the two curves. Curve a ii 
lustrates the amount of tertiary oil recovered by following a 
micellar solution with one bank of aqueous slug containing a 
constant composition of partially hydrolyzed, high molecular 
weight polyacrylamide. Curve b represents the amount ofter 
tiary oil recovery by following a micellar solution (same 
volume and identical solution as used in Curve a) with multi 
ple alternate slugs of aqueous solutions first containing par 
tially hydrolyzed, high molecular weight polyacrylamide and 
then slugs of water. The difference in oil recoveries between 
Curves a and b is an indication of the increased or improved 
effectiveness of multiple alternate slugs of mobility buffer and 
water as taught by this invention. 
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2 
DESCRIPTION OF THE PREFERRED EMBODIMENTS 

A displacing fluid may precede the initial mobility buffer 
slug. Examples of displacing fluids include both miscible and 
immiscible systems and those fluids having characteristics of 
both. Specific examples of displacing fluids include oil-exter 
nal and water-external emulsions, oil-external and water-ex 
ternal micellar dispersion, anhydrous soluble oils, nonaqueous 
and aqueous mediums containing agents to reduce interfacial 
tension between hydrocarbon and water, e.g., alcohols, al 
dehydes, surfactants, ketones, etc., and like materials, Specific 
examples of useful displacing materials include those defined 
in U.S. Pat. Nos. 3,254,714 and 3,467,187 to Gogarty et al.; 
and U.S. Pat. No. 3,497,006 to Jones et al. The displacing 
fluid can be composed of similar or dissimilar fluids injected 
separately and can be liquid, foam, combinations of liquid and 
foam, etc. 
The mobility buffer is substantially aqueous. It contains suf 

ficient mobility reducing agent to substantially reduce the mo 
bility of the water. Any mobility reducing agent is useful with 
this invention as long as the agent effectively reduces the rela 
tive mobility of the fluid flowing in the reservoir. Examples of 
useful mobility reducing agents include polysaccharides, par 
tially hydrolyzed high molecular weight polyacrylamides such 
as the Pusher polymers sold by Dow Chemical Company, 
Midland, Michigan, naturally occurring high molecular weight 
polymers and synthesized high molecular weight polymers, 
copolymers, terpolymers, etc. The mobility buffer can contain 
other additives such as bactericides, corrosion inhibiting 
agents, etc. Also, the mobility buffer can contain electrolytes, 
preferably compatible with the ions within the formation. 
The mobility buffer is followed by a drive material which 

can be aqueous or non-aqueous but which is preferably aque 
ous. The drive material can contain electrolytes or salts, but 
preferably the electrolytes are compatible with the salts within 
the subterranean formation. 
The initial slug of mobility buffer is small, but preferably has 

a higher concentration of mobility buffer agent relative to the 
subsequent slugs of mobility buffer. The size of the mobility 
buffer slug is preferably less than about 25 percent of the for 
mation pore volume, and more preferably at least about 5 per 
cent and less than 15 percent pore volume. This initial slug is 
followed by alternate water slugs and mobility buffer slugs, the 
latter usually containing lesser amounts of mobility reducing 
agents. After the last desired slug of mobility buffer is injected, 
drive water is injected to displace the flooding fluids through 
the reservoir. 
The subsequent volumes of mobility buffer are generally 

smaller in volume, as mentioned earlier, and can contain 
lesser concentrations of mobility reducing agent. However, 
mobility buffer slugs constant in volume and concentration 
give good results. 
The volume of water slug injected after each mobility buffer 

slug is preferably less than about 25 percent formation pore 
volume and more preferably at least about 5 percent and less 
than 15 percent pore volume. 
At least two mobility buffer slugs are injected and 

preferably at least four slugs are injected. Each slug is fol 
lowed by a water slug except the last one and then drive water 
is continuously injected. 
The following example is presented to teach specific work 

ing embodiments of the invention. Unless otherwise specified, 
the percents are based on volume: 

EXAMPLE 

Berea sandstone cores 4 feet long by 3 inches in diameter 
are saturated with water, then flooded with crude oil to ir 
reducible water saturation and thereafter flooded with water 
to residual oil saturation. The cores are flooded with 2 percent 
formation volume of identical micellar dispersion followed by 
alternate slugs of water containing Dow Pusher No 700 (a 
high molecular weight, partially hydrolyzed polyacrylamide 
marketed by Dow Chemical Company, Midland, Michigan), 
and water. The concentration of Pusher within each slug of 
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mobility buffer is expressed in ppm, i.e., parts per million. The 
residual oil saturations of the cores, the total polymer injected, 
the ultimate oil recovered, etc. are indicated in Table I: 

cent. 

8. In a process of recovering crude oil from a subterranean 
formation comprised of injecting into the formation a mobility 

TABLE EFFECT OF POLYMER NJECTION SCHEME ON TERTARY OL RECOVERY 

Total Residual 
polymer oil Satura 
injectodi, tion, be- ()i. 

PVX fore flood recoverisci it i ij (:titi scheme (percent formation pore volume, and p.p.m.) I).).in. porcent prict, 
!. iv., (1,000 p.p.m.), 5% (water), 40% (125 p.p.m.), water)-----------------------------------------. 00 35. 72. () 2 % 8. 2. 82.6 5% 565, 5% (water), 5% (200), 5% (water).5% (200), 5% (water), 5% (200), (water)" -- 38.1 3. 8 
s it, (800), 5% (water), 20% (600), 10% (water), 5% (400) (water) "------------------------------------------ 220 35.) 82.7 
4 f", (1,200), 5% (water), 20% (800) 10% (water), 10% (400), (water) ------- - - - - 260 36. : 

8% (1,200); 5% (water), 20% (800), 5% (water), 30% (500), (water), "-------------------------------- 406 35.7 84.6 
f 5%, (3,000), 5% (water), 10% (1,000), 5% (water), 20% (500), 5% (water), 40% (400), 5% (water), 35% (100), 545 37.4 90.6 (water)* 
7 - 20% (2,500), 10% (water), 30% (800), 10% (water), 10% (100), (water) --------------------------------------- 750 38.6 90.1 

* Drive water is injected until no more oil is produced at end of core. 

It is not intended that the invention be limited by the above 
example. Rather, all equivalents obvious to those skilled in the 
art are intended to be included within the scope of the inven 
tion as defined in the specification and appended claims. 
What is claimed is: 
1. In a process of recovering crude oil from a subterranean 

formation comprised of injecting into the formation a mobility 
buffer comprised of an aqueous solution containing mobility 
reducing agent and displacing it with drive water toward a 
production means in fluid communication with the formation 
to recover crude oil through the production means, the im 
provement comprising: 

l, injecting 5 percent up to about 25 percentformation pore 
volume of the mobility buffer, followed by 

2.5 percent up to about 25 percent formation pore volume 
of drive water, and 

3. repeating step (1) at least once, and 
4. then injecting sufficient drive water to displace the mo 

bility buffer toward the production means. 
2. The process of claim 1 wherein a displacing agent 

precedes the mobility buffer slug. 
3. The process of claim 2 wherein the displacing agent is 

selected from the group consisting of immiscible agents, misci 
ble agents, and agents having both immiscible and miscible 
characteristics. 

4. The process of claim 3 wherein the displacing agent is 
selected from the group consisting of emulsions and micellar 
dispersions. 

5. The process of claim 1 wherein the mobility reducing 
agent is a partially hydrolyzed high molecular weight 
polyacrylamide. 

6. The process of claim 1 wherein steps (1) and (2) are re 
peated at least twice. 

7. The process of claim 1 wherein the formation pore 
volumes in (1) and (2) are about 5 percent up to about 15 per 

-- we' 

buffer comprised of an aqueous solution containing mobility 
reducing agent and displacing it with drive water toward a 
production means in fluid communication with the formation 
to recover crude oil through the production means, the im 
provement comprising: 

1. alternately injecting about 5 percent up to 15 percent for 
mation pore volumes of mobility buffer slugs and water 
slugs, and, 

2. then injecting sufficient drive water to displace the mo 
bility buffer toward the production means. 

9. In a process for recovering crude oil from a subterranean 
formation comprised of injecting into the formation a micellar dispersion followed by a mobility buffer comprised of an aque 
ous solution containing mobility reducing agent and wherein 
the micellar dispersion and mobility buffer are displaced 
toward a production means in fluid communication with the 
formation to recover crude oil through the production means, 
the improvement comprising displacing the micellar disper 
sion and mobility buffer by: 

1. injecting about 5 percent to about 25 percent formation 
pore volume of a mobility buffer followed by 
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40 2. about 5 percent to about 25 percent formation pore 
volume of a water drive, 

3. repeating step (1) at least once, and 
4. then injecting sufficient drive water to displace the previ 

45 ously injected slugs toward the production means. 
10. The process of claim 9 wherein the mobility reducing 

agent is a partially hydrolyzed, high molecular weight acryla 
mide. 

11. The process of claim 9 wherein steps (1) and (2) are re 
50 peated at least twice. 

12. The process of claim 9 wherein the formation pore 
volume in steps (1) and (2) is about 5 percent to about 15 per 
cent formation pore volume. 
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